Introduction
From an information transmission point of view, the information carriers in a timevarying signal are amplitude, frequenc), and phase. Because of the relationship between frequency and phase the time-derivative of phase is frequency and time-integral of frequency is phase. The information carried by frequency is also available in the phase. Therefore, we are only concerned with the information in amplitude and phase.
A time-varying signal is represented in the time-domain by:
where a(t) is the amplitude and 0(t) is the phase ( or temporal phase):
0(t) -2itf, t+Oo(t),
where f, is the signal carrier frequency and 0 o(t) is the time-varying phase.
A time-varying signal can also be represented in the frequency domain by taling the Fourier transformation. In the frequency domain, the information is carried by the amplitude spectrum 4(r) and the phase spectrum -5 . .
As described in [11, 12] , and [3] , the information which can be extracted from a point scaterer are The amplitude of the radar echo signal also provides information about the target size, shape and change of shape. The importance of the phase has been shown in signal and image processing [4) . Phase also plays an important role in extracting radar information as described in this report. It can provide the measurement of range, range-rate, angle, and angle-rate. In this report, we deal with information extraction from phase in time-domain or phase spectrum in Fourier-domain.
When the maximum dimension of a target is greater than the dimension of the radar resolution cell, the target is no longer a point scatterer and it should be modeled as a distributed scatterer. Unlike the measuring of target information from a point scatterer, for distributed scatterers we must take account of the measurement errors caused by the target dimension and orientation, which are called glinft errors. Glint error results in the wandering of the apparent center of the target.
A distributed scatterer can be modeled as N point scatterers as shown in Fig.l . The dimension of each point scatterer is within the radar resolution cell [5] . With this model the radar returned signal from the distributed scatterer can be calculated as the sum of the returned signal from each point scatterer. In the report, we only deal with range profiles, based on a time-varying temporal signal from a given direction as illustrated in Fig.2 . Assuming that the transmitted signal is a sinusoidal wave of frequency f, represented as where a, is the amplitude of the transmitted signal, and the phase is taken to be zero, then, the returned signal from the distributed N-point scatterer is the summation of the returned signals from each point scatterer
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where a, is the amplitude and T, is the time delay of the returned signal from the ith point scatterer.
Let a, be the amplitude and 0, be the phase of the sum signal s,(t):
where the phase 0, consists of two parts: one is due to a time delay from the target geometric center 2nfTo; the other is a phase offset 0 due to the dimension and the orientation of the distributed scatterer. We have
On the other hand, the phase shift of the returned signal from the ith point scatterer 2nfT, also consists of two parts: one is due to a time delay from the target geometric center, 21vfT, and the other is a phase offset from the target geometric center, 'F, Therefore, we can rewrite Eq.(1) as 
where c is velocity of propagation. The temporal phase spectrum in the Fourier domain is 0, = 2infTo+O.
Similar to the analysis for a point scatterer in [1] , for the case of a distributed scatterer the partial derivatives of the temporal phase can also provide range, range-rate, angle, and angle-rate information along with corresponding glint errors.
The following analysis will describe measurements of range, range-rate, angle and 5 angle-rate, and will derive the corresponding glint errors. The range and angle glint errors derived here are identical to those results stated in [5] . Exact expressions for range and angle glint errors can be found in [6] .
Range Measurement and Range Glint Error
In the case of a distributed scatterer, the range information can be extracted from the partial derivative of the temporal phase with respect to frequency. To resolve range ambiguities, we must use multiple frequencies: f 1 f, ... f, Taking the partial derivative of the temporal phase spectrum with respect to frequency f, we obtain target range information as the following:
where the second term represents the range glint error which causes inaccurate range measurement. The range glint error is determined by
4n oy
To analyze the range glint error let us use the simplest two-point scatterer as an example as shown in Fig.3 . 6
Assuming the size of the distributed scatterer is 1, the orientation of the target is a, the range from radar to the target geometric center is R, the range from radar to the point-scatterer 1 is R,, and from radar to the point-scatterer 2 is R 2 , then from Fig3
we know that the range difference between point I and point 2 is I sin-. For the signal returned from point 1, the phase offset from the target geometric center is , = 2nf I sinsm = 2n I sins.
(10) Cc I
In the signal returned from the point scatterer 2, the phase offset from that of target geometric center is
,c ;L
If the phase difference *h, relative to the phase at the target geometric center and returned from the point scatterer 1, is different from the phase difference 4, from the point scatterer 2, we should add phase differences 0, and 42 to the phase offset in Eq.(10) and (11), respectively. Therefore, the above two phase offsets become: 
and 7 a,uino -a,, sinY 1 +a,2 sat 2 .
(15)
Then the phase offset becomes 0 = arctan a,'l, sinyad sn2 (16) c, oeYl a, cosy2
Taking the partial derivative of the phase offset with respect to frequency, we have at 2ni sia
-01
where 84
4-41",
Finally, the range glint error can be obtained as we assume f -I (GHz) and I -10 (on).
a Fig.4 The range glint error varies with tatget orientation angles.
Range-Rate Measurement and Range-Rate Glint Error
The range-rate information can be extracted from the partial derivative of the temporal phase with respect to time. Only a single frequency is needed for the measurement of the range-rate. Taking the partial derivative of the temporal phase with respect to time t, we obtain the range-rate of a moving target: where the second term is the range-rate glint -rror or Doppler glint error which causes inaccurate range-rate measurement. The range-rate glint error is given by AV,
4n "
We still use the two-point scatterer in Fig. 3 to illustrate the range-rate glint error.
To calculate , we know that in Eqs. (16), (12) and (13) the phase offset 0t is a function of f and a. Given a transmitted sigral frequency f = f,, the only parameter which could change with time is the target orientation angle a. Therefore, we can further write the partial derivative with respect to time as the following,
Then, the range-rate glint error becomes
Takting the partial derivative of the phase offset with respect to the angle a, we 
Angle Measurement and Angle Glint Error
The measurement of the angle of arrival requires spatial phase or spatial phase spectrum. Fig.7 shows the geometry of a simple interferometer for measurement of angle and to is the angle of arrival.
The returned signal at the antenna 2 from the same target is
where T 2 = (2R÷A12)jc is the time delay at the position B.
The phase difference between the two antennas is the spatial phase, represented as 28), which is the measured value of the angle of arrival. The second term in Eq. (40) is the first order error, which corresponds to the second term of the right hand side of Eq.(28). Therefore, we obtained tht angle glint error A .
a, Fig.9 The angle glint error varies with target orientation angles.
S. Angle-Rate Measurement and Angle-Rate Glint Error
The angle-rate can be extracted from partial denvative of the spatial phase with resr-ect to time. Only a fixed spatial position d is needed for the measurement of the angle-rate. By taking the partial derivative of the spatial phase with respect to time t, we obtain the angle-rate of a moving target : where the second term is the angle-rate glint error caused by the distributed scatterer. Due to the angle-rate glint error, the measurement of angle-rate is not accurate. The angle-rate glint error is 2n = 2,i•cos[-at (43) We still use the two-point scatterer to ill,:strate the angle-rate glint error. For a given transmitted signal frequency and for a given antenna spatial position, the only parameter which varies with time is the target orientation angle al, a 2 (46) Again, using the result in Eq.(^-2) "nd assuming (f) if E -±kj2 and cosV, * 0, then Aca -±-: the radar is not able to track the target angle-rate at all. 
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Summary
As shown in [1, 2, 3] , the echo signal phase provides information on range, range-rate, angle, and angle-rate. In this report, we described how to measure the information from the partial derivatives of the echo signal phase from a distributed scatterer. Unlike measuring target information from a point scatterer, for a distributed scatterer we must take account of glint errors caused by the dimension and the orientation of the distributed scatterer. For simplicity, in this report we used a two-point scatterer as an example to calculate glint errors. The calculation and the result can be generalized to a multi-point scatterer.
*
In the case of a distributed scatterer, the range information can be measured from the partial derivative of the phase with respect to frequency. To resolve range ambiguities, * multiple frequencies must be used. which is related to the following factors :
(1) the wavelength of the transmitted signal;
(2) the ratio of the amplitudes of the individual scatterers; (3) the radial projection of the target length, determined by the orientation of and the length of the target; and (4) the difference ber -en the phases induced by each scatterer.
The orientation of the target, which is usually unpredictable, will affect the glint error. There is no range glint error if the connecting line between the two scatterers ( the orientation of the target ) is perpendicular to the radial line between the radar and the target. If the ratio of the amplitudes of the individual scatterers is one, there is also no range glint error. However, in general, range glint error does exist. For a given wavelength and a given target size, the range glint error varies with the orientation of the target. For some particular orientations of the target, the range glint error can be too large to track the range.
The range-rate information can be measured from the partial derivative of the phase with respect to time. The range-rate glint error term is 2 1 p2 + 2pcos(4n-•sin,) 122 p ="ad'a; a =0 ) In addition to the factors which affect the range glint error mentioned above, the range-rate glint error is also related to the tangential projection of the target length, the target rotation-rate about ts geometric center, and the velocity of the target tangential motion. If there is no tangential motion and rotation, there will be no range-rate glint error. However, when the tangential motion or the rotation exists, for some particular orientations, the range-rate glint error could be so large that the radar is unable to track the rang,-rate at all. The range-rate glint error due to tangential motion and rotation also exist in ISAR, Although the target motion and rotation can generate ISAR images, the tangential motion and rotation could also cause glint errors which can result in distortion of the Doppler mapping of the target scatterers.
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The angular information can be extracted from echo signal phase by making use of more than one antenna element; such as an interferometer with two separated elements. To resolve angle ambiguities, multiple positions of the elements or multiple frequencies may be used. By taking the partial derivative of the phase with respect to position, or taking the partial derivative of the phase spectrum with respect to frequency, the angle of arrival can be measured. The angle glint error is =cosa -p2 I2 + 2pcos(4i/sina)
